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By Lisa Gerbal, as part of the MSc® “Innovations and Politics for Sustainable Food Systems” (IPAD, Supagro Montpellier and Cirad). 
This study was conducted between May and October 2019 for the International Center for Tropical Agriculture (CIAT), in Cali, Colombia. 
This work was carried out under the CGIAR Research Program on Water, Land and Ecosystems (WLE), supported by: wle.cgiar.org/donors in collaboration with the 
CGIAR Program on Climate Change, Agriculture and Food Security (CCAFS) which is support  by CGIAR Fund Donors and through bilateral funding agreements. For 
details, please visit https://ccafs.cgiar.org/donors. 
CONTEXT
Cali, home to nearly 2 million of inhabitants, is growing, and with it the 
impacts of its urban population on the environment through the high 
demand and use of food, water, and energy. Changing climate is also 
threatening the provision of food and the food systems in general. In this 
context, CIAT’s Sustainable Food Systems (SFS) research program aims 
to develop tools and methods to better analyze the interactions between 
food systems, human health and ecological systems. This study aimed at 
developing a methodological approach to better assess, understand, 
and use information on environmental sustainability and resilience of 
highly consumed products in a city. 
A combined methodology was used to simultaneously assess the 
impacts of food on the environment (Carbon footprint) and the impacts of 
projected changes in climate patterns on the suitability for food crops 
production, for the top five food products consumed in Cali, department 
of Valle del Cauca, Colombia. 
All aspects of food security are 
potentially affected by climate 
change, including food access, 
utilization, and price stability.
METHODOLOGY
Identification of 
products
(IPCC fifth 
report, 2014) 
Carbon footprint assessment 
through a  Life Cycle Analysis 
Climate suitability assessment 
with Ecocrop (niche-based model)
• Identification of food consumption 
patterns (consumption's 
frequency and volumes), based on 
national statistics (ENSIN 2005 
and ENSIN 2010 surveys) 
• Definition of the system boundaries 
(in several dimensions) and 
scenarios for each product
• Life Cycle Inventory 
• Life cycle impact assessment
• Analysis 
(Norm : PAS 2050)
• Identification of the food crop-specific 
climatic requirements (temperature and 
precipitation) based on FAO’s ecocrop data 
base and expert knowledge
• Setting of current and future climate 
scenarios (IPCC reference GHG emission 
scenarios)
• Assessment of potential changes in food 
crops suitability 
Figure 1.  Composition of the typical "Caleño” lunch plate: top five products (in grams 
per capita per day)
WHAT DO THE “CALEÑOS” EAT ON A DAILY BASIS? 
The typical lunch meal in Cali, for up to 80% of Cali's population is 
predominately made up of starchy food and cereals : Rice, potato and 
plantain. Chicken is the most consumed meat and provides the third 
largest contribution to the “typical caleño lunch plate”   . Vegetables 
(such as tomatoes and onions) are also eaten on a regular basis, though 
their intake is very low. Despite that most caleños do not often eat fast-
food, oils and sugar consumption is high (ENSIN, 2005; ENSIN, 2010). 
Systematically, from the whole production process, the manufacturing of 
production inputs is the activity that contributes the most to the carbon 
footprint.  It accounts for 65% for chicken, approximately 60% for 
tomato and plantain, and 52% for potato. 
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Figure 2. Carbon footprint of the typical Caleño lunch (top five products in Kg CO2 eq
per Kg produced) 
Figure 3.  Relative contribution to carbon footprint of different phases of  the life cycle 
analysis of the five top food products of the typical “Caleño “lunch. 
The carbon footprint was assessed from the food production phase to its 
distribution in the major wholesale market. Last mile, consumption and 
end of life were not included in the analysis due to lack of data. Data on 
production practices was taken from documents provided by officials 
working in the sector and government agencies. Among the five top 
products consumed, chicken has the highest carbon footprint per kg 
(2.04 kg CO2eq/kg), followed by rice (1.46 kg CO2eq/kg), plantain (0.28 
kg CO2eq/kg), potato (0.23 kg CO2eq/kg) and tomato (0.09 kg 
CO2eq/kg).
This manufacturing involves: i) the extraction of raw materials and the  
production of fertilizers and pesticides for crops products and ii) the 
production, transformation and transportation of the animal feed produced 
in the United States and imported to Colombia (mainly composed of maize 
corn, soybean meal and sorghum for chicken). 
Direct emissions from the use of fertilizers and pesticides are high for rice 
due methanogenesis (formation of methane by microbes in the flooded rice 
fields). The transformation phase, however, shows close to zero emissions 
for rice and chicken. 
Generally speaking, the “caleño” plate seems to have a lower carbon 
footprint than other “meals” around the world. In India, a  meal with a 
portion of meat would produce 1110 grams CO2eq (meal composed in 
accordance with nutritional
For the purposes of this study the typical caleño lunch plate represents the 
ensemble of the 5 most consumed food products by Cali's inhabitants. 
Where does the food come from?
All of the top five products are produced in Colombia. According to 
DANE, the majority of tomatoes and plantains in 2018 arriving at the 
biggest Wholesale market (CAVASA) were produced in the Valle del 
Cauca Region, potatoes came from the Nariño region and rice from the 
Tolima region. The majority of poultry products is produced in Valle del 
Cauca. 
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Figure 4.  Carbon footprint of the typical "Caleño” lunch: top five products (in 
grams of Co2eq per capita per day) 
recommendations for a man, Pathak et al. 2010) while in France a meal 
with a portion of chicken would produce 1350 grams Co2eq and a 
vegetarian 505 grams of CO2eq (Agribalyse). 
These comparisons, however, must be treated with the greatest care, as the 
methodologies for calculating the carbon footprint are all different. 
Within the Valle del Cauca and Nariño regions, some areas might experience decreases in the 
optimal climatic conditions to produce tomato (81%) and potato (72%) respectively. Certain areas 
could also experience improvements in climate suitability for other crops like the case of plantain 
whose increase reaches 68% of the Valle del Cauca.  A region like Tolima could suffer a 52% 
decrease of climatic suitability for rice production in some areas but also 42% increase in others. 
At national level rice production projections suggest a large impact accounting for a decrease of 
suitability in 70% of the lands in general. 
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Figure 8. Percentage of projected changes in climate 
suitability for tomato in the Valle del Cauca 
region by 2080 (based on the IPCC scenario 
RCP 8.5) .
The production of the 
“typical caleño lunch 
plate” emits 431,5 grams 
CO2eq 
Figure 5. Percentage of projected changes in climate 
suitability for plantain in the Valle del Cauca 
region by 2080 (based on the IPCC scenario 
RCP 8.5) 
Figure 7. Percentage of projected changes in climate 
suitability for potato in the Nariño region by 
2080 (based on the IPCC scenario RCP 8.5) 
Figure 6. Percentage of projected changes in climate 
suitability for rice in the Tolima region by 
2080 (based on the IPCC scenario RCP 8.5) 
Maps represent the potential future changes in climate suitability for 
the  production of specific crops between 2020 (a baseline reference 
constructed with Worldclim datasets) and 2080, defined in terms of 
minimum and maximum absolute and optimal rainfall and 
temperature. The climate projection is assessed using the worse-case 
or business as usual GHG emission scenario (Representative 
Concentration Pathway 8.5, IPCC, 2014).
Consumption Food production
Rice represents the most important fraction of caleños 
lunch plate but is also the food product more vulnerable to 
the expected changes in climate conditions. This highlights 
Cali’s current dependency on an unsustainable food system 
and the urgent call for planning the adjustments need to 
ensure sustainability.
Chicken does not have a very high carbon footprint, 
compared to other products in the plate, as long as it is not 
consumed in a higher quantity. 
The high use of inputs (fertilizers and pesticides) and their 
manufacture accounts for most of the GHG emissions of 
the 4 crop products.  The Valle del Cauca department 
might see enhancement in climate suitability for plantain 
production by 2080. However it will not be able to fulfill 
Cali’s demand for tomato in the future. In Nariño, we can 
make the hypothesis that potato production will have less 
suitable area, but higher yields. Rice production areas in 
Colombia will be highly affected by climate change which 
could lead to new geographic  distribution among regions. 
Transportation of these 5 key food 
products does not seem to have a 
high impact in terms of carbon 
footprint, however impact could 
increase if Cali is obliged to 
acquire its food from more distant 
regions. 
Transportation
MAIN RESULTS
To find out more, please contact Mark Lundy at 
m.lundy@cgiar.org and visit 
https://blog.ciat.cgiar.org/in-focus/sustainable-
food-systems/ . Full study available at  
https://hdl.handle.net/10568/107467
ProductionAlimentation
The results of this work stress the need to both change current 
production processes and at the same time building strategies to 
face future climate related changes. The productive sectors must be 
aware and assess their current contributions to NH4 and N2O 
emissions to set up a baseline from which progress should be 
made. Changes in production methods are required towards a more 
sustainable agriculture, less dependent on synthetic nitrogen 
fertilizers, which integrates agro-forestry and silvo-pastoral options 
and fosters a more diversified agriculture. Resilience building can 
be achieved by identifying vulnerable areas and suitable 
management practices adapted to changing environmental 
conditions or  when needed, assessing the viability of migrating 
production to more suitable areas.
For Cali, the challenge may be 
preventing the nutritional transition 
towards processed foods and higher 
intake of meat, and enhancing the 
consumption of native and ancestral 
foods. Changing consumption habits 
and preferences, however, is complex 
and will require accounting for 
consumers preferences and addressing 
trade-offs between health, 
environmental and economic aspects.
Cali has the opportunity to include food 
consumption in its carbon footprint 
assessment (CaliDA Carbon Neutro) and 
strengthen the strategic axis related to 
agricultural practices and agro ecological 
systems in the city’s Plan to Adaptation 
and Mitigation to Climate Change, that 
currently only focuses on promoting urban 
agriculture. It has also opportunities to 
take action and policy measures to support 
the on reduction of food waste as 
contribution to increasing resources use 
efficiency and reducing impacts on Climate 
change (via GHG emissions)
Climate change
This is the first study that assessed the carbon footprint associated to each segment of the production process of the chicken, rice, plantain, potato and 
tomato consumed in the core meal of most of Cali’s population. The use of the Ecocrop model allowed to project and visualize future possible climate 
related risks to identify flaws and major weaknesses of the food system production link and serves as a powerful « wake up call » for actors involved. The 
detailed information from the life cycle analysis is a strong advocacy element to promote the transparency of information associated with the food 
production and transformation processes. The combined methodology gives precise insights to identify where critical hotspots are and which current 
crops production areas might become more  vulnerable to climate risks. This methodological application is a first step towards providing science-
based evidence to guide decision making in the City-region and could lead to the future development of a practical tool to be applied to a wider section 
of Cali’s food system.
Future research perspectives 
• Methodological strengthening  to address  other environmental impacts (water contamination, biodiversity loss) 
• Undertake a detailed characterization of Cali's food system and enabling environment (incl. socio-economic study on supply chains from farm to 
fork; study on food offer)
INSIGHTS FOR POLICY-MAKERS
